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Male infertility is significantly associated with multiple deletions in an 8.7-kb segment of
sperm mtDNA in Pakistan
1,

2

3

4

Irfan Afzal MUGHAL *, Asma IRFAN , Sarwat JAHAN , Abdul HAMEED
IF Infertility & Fertility Clinic, Department of Animal Sciences, HBS Medical & Dental College Islamabad,
Quaid-e-Azam University, Islamabad, Pakistan
2
Islamabad Medical & Dental College, Islamabad, Pakistan
3
Department of Animal Sciences, Quaid-e-Azam University, Islamabad, Pakistan
4
Institute of Biomedical and Genetic Engineering, Islamabad, Pakistan

1

Received: 09.06.2016

Accepted/Published Online: 09.01.2017

Final Version: 12.06.2017

Background/aim: This study aimed to find a link between sperm mitochondrial DNA mutations and male infertility in Pakistan.
Materials and methods: DNA from semen samples was extracted and amplified by PCR using 7.8-kb deletion-specific primers. The
PCR products were separated on agarose gel, visualized under UV-illumination, and then photographed. The results were genotyped
and the data were analyzed using SPSS.
Results: Deletion analysis of the 8.7-kb fragment by long PCR revealed multiple deletions. The frequency of deletion was much higher
in infertile groups as compared to the control group. Further, on comparison between different subtypes of infertile groups, the deletions
were highest in the oligoasthenoteratozoospermia (OAT) group. The statistical analysis of case and control groups showed a significant
association of the 8.7-kb deletion with human male infertile groups (P = 0.031), and particularly a very significant association with the
OAT subgroup (P = 0.019).
Conclusion: A significant association has been found between human male infertility and mtDNA deletions in an 8.7-kb segment of
sperm mtDNA in a Pakistani population.
Key words: Human infertility, sperm, mtDNA 8.7 kb, multiple deletions

1. Introduction
Infertility is increasingly becoming a serious problem for
the modern industrial human, affecting almost one out of
every six couples. A similar scenario is observed in Pakistan.
It is estimated that 20%–25% of infertility cases are due to
male factors (1). About 13%–18% of couples suffer from
it, and about one-half of all cases can be traced to either
of the partners (2). Male infertility is more challenging
to tackle compared to female infertility (3). Increasing
evidence is available suggesting that male infertility
has a genetic link (4,5). About 30% of men reporting to
infertility clinics were found to have oligozoospermia,
oligoasthenoteratozoospermia (OAT), or azoospermia of
an unknown aetiology. In this scenario the missing link of
male infertility was required to be identified. In infertile
males, sperm motility is usually the foremost cause. The
sperm motility may be linked to multiple mitochondrial
DNA deletions. ATPs are the fuel to move sperm and help
them reach the fallopian tubes, leading to fertilization
* Correspondence: irfanamughal@gmail.com
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(6). In the human body, every mitochondrion produces
approximately 107 reactive oxygen species (ROS) per day.
ROS have been reported to damage the mitochondrial
and cellular proteins, lipids, and nucleic acids, as well
as mtDNA, interrupting energy production (7,8). In
asthenozoospermia many mtDNA mutations were found
to be linked to ROS (9). This increases midpiece sperm
defects and the acrosome reaction in affected sperm (10).
A very high mtDNA mutation rate results in heteroplasmy,
a mixture of mutant and wild-type DNA (11). A specific
number (threshold) of mutant mtDNAs are required
within a tissue for oxidative dysfunction. In this study we
focused on a large 8.7-kb fragment of sperm mtDNA to
amplify multiple mutations simultaneously. This fragment
was supposed to be the most heavily muted out of the
16.6-kb genome. This large fragment of mtDNA consists
of genes complex III (cytochrome b), complex IV (the
cytochrome c oxidase gene, COXIII), and complex V, the
ATPase synthase genes ATPase 6 and 8. A high incidence
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of deleted mtDNA was expected in the asthenozoospermic
and oligoasthenozoospermic groups and an especially
higher incidence of mutations was presumed in the OAT
group.
We hypothesized that higher sperm mtDNA mutations
in the infertile group are linked to infertility. More
defective sperm (OAT type) was presumed to have a higher
incidence of mutations as compared to the control group.
2. Materials and methods
2.1. Participants and study design
Carefully selected human semen samples (n = 203; 20–
58 years of age, mean age 34.24 years) were collected,
excluding leukospermia. Samples were divided into one
control group and four infertile groups in accordance
to the 2010 WHO Manual of Semen Analysis (12). Of
the total 203 samples, 42 were in the control group and
the infertile groups contained 161 in total. The research
project was approved by the Research Ethics Committee
of Quaid-e-Azam University Islamabad.
2.2. Laboratory examination
Semen DNA extraction was performed by modified phenol
method (13,14) and quantified by a spectrophotometric
method. Primers were designed using a reference human
mitochondrial DNA sequence downloaded from the
Entrez database (Accession Number NC_001807) and by
applying the freely available Primer3 software program.
MT1A as forward primer with fragment position 8, 224–8,
247: 5ʹ TCT AGA GCC CAC TGT AAA G 3ʹ and MT3 as
reverse primer with its genomic position from 13, 580–13,
551: 5ʹ AGT GCA TAC CGC CAA AAG A 3ʹ were used
for PCR amplification in this study. Each PCR reaction

was performed in a total reaction volume of 10 µL. Each
reaction was composed of 5.52 µL of deionized water, 1.0
µL of 10X PCR buffer with MgCl2, 0.8 µL of dNTP, 0.08
µL of long PCR enzyme, 0.3 µL of each primer MT1A (20
µM) and MT3 (20 µM), and 2.0 µL of mtDNA sample (15).
PCR amplification was performed with 1 cycle of initial
denaturation at 94 °C for 2 min, followed by 34 cycles of
denaturation at 94 °C for 10 s and annealing at 52 °C for
30 s. The last cycle and final extension was performed at
68 °C for 10 min. The PCR products were separated on
2 % agarose gel (Promega) prepared in 1X TBE buffer
(Tris-borate-ethylenediaminetetraacetic acid buffer).
The gels were stained with ethidium bromide (0.5 ng/mL
concentration), visualized under UV-illumination, and
then photographed. Genotyping was carried out and the
data obtained were analyzed statistically.
2.3. Statistical analysis
Statistics were analyzed with IBM SPSS 20. The chi-square
test was applied. P < 0.05 was considered as significant.
3. Results
Of the total 203 samples, 42 were in the control group and
the infertile groups contained 161 in total. Proportions of
MT1A and MT3 products were compared (control versus
infertile groups). Figure 1 shows the number of bands,
where the presence of the 8.7-kb band indicates wild-type
DNA, the absence of the 8.7-kb band indicates deletedtype DNA, and the presence of the 8.7-kb band along with
other bands indicates hybrid-type DNA. The genotypes of
the control and the four infertile groups are given in Table
1 and Figures 2 and 3. A lower incidence of the wild-type
band was found in the infertile groups as compared to the

8.7Kb
band
Wild
type

Figure 1. MT1A and MT3 electrophoretogram (mostly OAT-type). This gel is showing the total number of the samples (n = 35), where
the control group sample (n = 1) shows up in lane 10, which is the hybrid type. The oligozoospermic sample (n = 1) is in lane 15, which
is the deleted type, and the necrozoospermic sample (n = 1) is in lane 1, which is the muted type of DNA. All other samples are from the
OAT group (n = 33). Lanes 22 and 25 are wild type. Lanes 1, 3, 7, 8, 9, 12, 13, 14, 16, 17, 19, 20, 22, 23, 24, 29, 30, 31, 32, 33, and 34 are
the deleted type; lanes 4, 5, 6, 10, 11, 18, 21, 26, 27, 28, and 35 are the hybrid type.
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Table 1. Proportion of MT1A and MT3 products in control versus infertile groups.
Genotype, n (%)

Status

Total

w

d

wd

Control

5 (11.9)

23 (54.76)

14 (33.33)

42

Oligozoospermic

0 (0)

11 (50)

11 (50)

22

Asthenozoospermic

0 (0)

19 (48.72)

20 (66.66)

39

OAT

1 (1.04)

64 (66.67)

31 (32.29)

96

Necrozoospermic

0 (0)

2 (50.0)

2 (50.0)

4

Total

6 (2.95)

119 (58.62)

78 (38.42)

203

Chi-square
df =10

P

29.85

0.001

W = Wild 8.7 kb, d = deleted absence of 8.7 kb, wd = hybrid (multiple bands simultaneously). OAT:
Oligoasthenoteratozoospermia.

control group. The infertile groups had a higher incidence
of deletions. The highest incidence of deletions was
observed in the OAT group. This analysis demonstrated
a highly significant association (P = 0.001) of multiple
deletions in the infertile groups. Proportions of the 8.7kb fragment in the control and infertile groups are given
in Table 2 and Figure 4. Infertile groups had very high
incidences of the hybrid type (n = 64) as compared to the
wild type (n = 1) and the highest incidence of the deleted
type (n = 96). This indicated a significant association (P
= 0.031) of deletions with infertility. Proportions of the
8.7-kb fragment for the control versus the OAT group
are given in Table 3 and Figure 5. The OAT group had the
highest incidence of deletions; the wild type (n = 1) was
1.04%, deleted (n = 64) was 66.67%, and hybrid (n = 31)
was 32.29%. This indicated a strong association (P = 0.019)
of deletions in the OAT group. Overall analysis of data
from all groups revealed a highly significant association (P
= 0.001).
4. Discussion
Amplification and evaluation of the 8.7-kb segment of
sperm mtDNA revealed multiple deletions. Only the
8.7 kb analysis
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Figure 2. Proportion of MT1A and MT3 products in control
versus infertile groups.
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control group revealed a higher incidence of wild-type
DNA. The infertile groups revealed higher incidences of
muted DNA and of hybrid-type DNA. The OAT group
exhibited the highest incidence of muted and hybrid
types of DNA (Table 1). The analysis of results indicated
an association of mutations with the infertile groups. The
overall chi-square test determined a significant difference
(P = 0.001). The results support our hypothesis that 8.7-kb
deletions are directly proportional to infertility. When we
analyzed all infertile groups in comparison to the control
group, the results had the same patterns (Table 2). Higher
incidences of muted and hybrid types of DNA were found
in the infertile groups as compared to the control group.
The chi-square test (P = 0.031) indicated a significant
relation of mutations with infertility. Statistical analysis of
the OAT group was also compared with the control group
(P = 0.019) (Table 3). The overall trend of our results
supports our hypothesis that sperm mtDNA mutations are
related to sperm morphological abnormalities leading to
human male infertility.
Previous studies had a vacuum to fill with regards to
the size and relevancy of their samples, hence postulating
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Figure 3. Percentage of 8.7-kb segment in control versus infertile
groups.
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Table 2. Analysis of 8.7-kb fragment in control versus infertile groups.
Genotype, n (%)

Status

Total

w

d

wd

Control

5 (11.9)

23 (54.76)

14 (33.33)

42

Infertile groups

1 (0.62)

96 (59.01)

64 (39.75)

161

Total

6 (2.95)

119 (58.62)

78 (38.42)

203

Chi-square
df =2

P

6.970

0.031

W = Wild 8.7 kb, d = deleted absence of 8.7 kb, wd = hybrid (multiple bands simultaneously).
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Figure 4. Proportion of 8.7-kb fragment in control and infertile
groups.

results that were not this clearly defined. Men with OAT
harbor higher numbers of multiple mitochondrial DNA
deletions in their spermatozoa, but individual deletions
are not indicative of overall aetiology; rather, multiple
deletions are (16). Mitochondrial DNA integrity and
its copy number are associated with infertility (17). The
relevance of the predictive nature of multiple ΔmtDNA was
important considering the composition of patients seeking
medical help for infertility. One study indicated that 15%
of patients attending infertility clinics were suffering from
OAT syndrome (18), and this was the fraction of infertile
patients who were supposed to have the highest number

Table 3. Analysis of 8.7-kb fragment in control versus OAT group.
Genotype, n (%)

Status

w

d

Total

wd

Control

5 (11.9)

23 (54.76)

14 (33.33)

42

OAT

1 (1.04)

64 (66.67)

31 (32.29)

96

Total

5 (3.79)

88 (66.67)

45 (34.09)

132

Chi-square
df =2

P

7.899

0.019

w = Wild 8.7 kb, d = deleted absence of 8.7 kb, wd = hybrid (multiple bands simultaneously).

8.7 kb control vs OAT
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Figure 5. Proportion of 8.7-kb fragment in control versus OAT
group.

of mutations. It was observed that random deletions of
different sizes were indicative of poor sperm quality (19).
ROS were proved as the foremost cause of depletion of
sperm quality and survivability (20). A definite association
of ROS and mtDNA mutations during spermatogenesis
was established (21). If deletions are already present in
the germinal layer of the testes, spermatogenesis would
produce very low numbers of sperm as well as the highest
ratio of mutations, quite similar to that found in OAT.
Increasing numbers of mutations can be found in the case
of a spermatogonial defective background, favoring the
amplification of deleted molecules (22). Control group
subjects also revealed multiple deletions and hybrid DNA.
A possible explanation for these mutations in such cases
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is the heteroplasmic nature of mtDNA, as well as stem
cells with excessive deletions acting as a catalyst to such a
scenario. Numbers of mutations in the control group were
far lower than in the OAT group, indicating a proportionate
relation with infertility. These deleted molecules might
have been preferentially selected, but sufficient intact
molecules would still be generated to account for the
patients with normal characteristics, i.e. they were not
significant enough to hamper motility or cause such
abnormalities in spermatozoa. The electron transport
chain mechanism and its ATP production for sperm
motility tend to be species-specific (23). Mitochondrial
DNA integrity was found depleted in oligozoospermia
(15). To this extent, cell model systems were required to
determine how these important relationships function
(24). This was a further indication that in these patients
who may be candidates for intracytoplasmic sperm

injection, the spermatozoa may be harboring genetic
defects with bad prognosis for forthcoming conceptions.
It was already observed that the effect was not on the
number of mitochondria themselves but rather on the
number of mtDNA molecules per mitochondrion, which
were reduced mostly by different pathophysiological
conditions (24,25). Exogenous sources of ROS or free
radicals may aggravate oxidative damage, resulting in
mutations of mtDNA in human tissues (26,27).
Our study and statistical analysis conclude with an
association of infertility with 8.7-kb segment mtDNA
sperm deletions, particularly more evident in the OAT
group (oligoasthenoteratozoospermic). Simple semen
analysis detecting sperm abnormalities like OAT,
teratozoospermia, and asthenozoospermia can be a raw
indicator of sperm mitochondrial DNA abnormalities
and can be a basic first-assessment tool of sperm qualities.
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